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RAIL VIBRATION ABSORBER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage application under 35
U.S.C. 371 and claims the benefit of PCT Application No.
PCT/CN2014/081929 having an international filing date of
Jul. 10, 2014, which designated the United States, which
PCT application claims the benefit of Chinese Application

No. 201310287329.6, filed Jul. 10, 2013, the disclosure of
cach of which are incorporated by reference herein.

TECHNICAL FIELD

This invention relates to the field of vibration and noise
control of rail transit, particularly to a vibration attenuating
device disposed on a non-working surface of a steel rail to
reduce vibration and noise forcedly generated by the steel
rail during running of rail vehicles.

BACKGROUND

In recent years, rail transit in China has been developed
rapidly. It provides people a fast and reliable way to travel.
However, a problem of vibration and noise generated by the
rail transit seriously affects life quality of surrounding
residents, and endangers safety of surrounding buildings,
and has an impact on the stability, satety and service life of
rail.

Researches show that 1n noise generated by operating of
trains, wheel-rail noise accounts for a significant proportion,
in which mid-frequency and high-frequency noise radiated
by vibration of steel rails contributes a considerate portion to
finally overall noise. For this reason, vibration and noise
management of steel rails 1s of great significance to vibration
and noise reducing for urban rail transit. In order to control
the vibration and noise of the steel rail, engineers have
developed a variety of vibration and noise attenuating prod-
ucts, among which a tuned vibration damper 1s a common
one. The tuned wvibration damper, as a tuned vibration
damper  disclosed 1 Patent  Application  No.
200480019707.1, utilizes a tuned device consisting of a
mass-spring system to generate work by applying a reactive
force to dissipate energy when the steel rails vibrates so as
to reduce vibration of the rails. This kind of product can
obtain reducing vibration and noise to some extent. Never-
theless, 1t can be found from engineering application that for
an elastic element made of elastic materials, such as rubber,
and a internal mass block then disposed 1n the elastic
clement are commonly used 1 existing such technical
solutions, physical properties of the elastic materials, such as
rubber are susceptible to ambient environment and easily
scratched so as to be damaged by external objects after
exposure to ambient environment for a long time, which 1n
turn adversely aflects vibration and noise reduction perior-
mance and service life of the tuned vibration damper,
because rail transit spreads widely in various regions where
ambient environment conditions are dramatically different.
Moreover, since that restraining force imparted to the mass
block by the elastic element of rubber kind 1s less, and that
the mass block produces a large pull and push component
and a small shear component to the elastic element when the
mass block moves within the elastic element, shear energy
dissipating cannot be effectively realized and hence vibra-
tion attenuating eflect 1s limited. Also, due to structure and
material limitations, applicable frequency range of this kind
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of the tuned vibration damper for rails is relatively narrow.
For example, for low frequency control, high elasticity 1s
required for an elastomer, but it makes the elastomer soit and
prone to being torn; for high frequency control, high rngidity
1s required for an elastomer, but it makes the elastomer to
have a low elasticity and poor vibration attenuating eflect.
Furthermore, this kind of tuned vibration damper for rail
holds following drawbacks: (1) 1t 1s difficult to realize
accurate mass turned vibration attenuating in two directions
simultaneously since the mass blocks are embedded within
the elastic material; (2) for 1t 1s 1mpossible to directly
measure or tune working Irequency, the tuned vibration
damper 1s semi-finished product when being sold and 1s not
matched with the steel rail; (3) once the matenal breaks, a
crack will be formed mside and rigidity of the elastic
clement and working frequency of the tuned wvibration
damper will be changed; (4) all parameters cannot be
optimized when the elastic element, the elastic material and
adhesive material are assembled together; (5) once the
elastic material breaks, TMD mass block would fall off,
which brings trains hidden safety problems.

To summarize, existing tuned vibration dampers have
drawbacks such as limited vibration and noise attenuating

cllects, unstable properties, narrowly applicable frequency
ranges and short service life.

SUMMARY
This invention seeks to solve atorementioned drawbacks
and to provide a rail vibration absorber with good vibration
and noise reducing eflect, improved weatherability, stable
performance, a wide range ol applicable frequency, safety
and long service life.

A techmnical solution in this invention 1s that a rail vibra-
tion absorber, comprising an elastic element(s) and a mass
block, wherein rail vibration absorber further comprises at
least one coupling frame, the coupling frame has same
surface shape as a non-working surface coupling portion of
a steel rail, and includes at least one vibration absorption
cavity 1n 1t, with the mass block at least partially disposed 1n
the vibration absorption cavity of the coupling frame, and
the elastic element(s) arranged between the mass block and
a wall of the vibration absorption cavity.

Preferably, the elastic element(s) 1s/are arranged between
the mass block and a wall of the vibration absorption cavity
in a vertical direction and/or a transverse direction of the
steel rail, or the elastic element(s) surround(s) the mass
block between the mass block and the wall of the vibration
absorption cavity.

The elastic element(s) 1s/are made of at least one material
selecting from a group consisting of rubber, elastic polyure-
thane and metallic spring, which includes disk spring, plate
spring and coil spring and so on. Rubber may be chloro-
prenerubber, nitrile butadiene rubber, etc. In order to guar-
antee consistently and effectively elastic support to the mass
block by the elastic element(s) in use, the elastic element(s)
disposed between the mass block and the wall of the
vibration absorption cavity can be under pre-compressed
condition, and a displacement of the elastic element(s)
caused by pre-compression 1s larger than a vibration ampli-
tude of the mass block during uses relative to the wall of the
vibration absorption cavity. Particularly for the metallic
spring, 1t 1s typically needed to be pre-compressed when
being assembled with the mass block and the coupling frame
during the manufacturing process of this invention. In addi-
tion, the elastic element(s) 1s/are ntegrally connected with
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the mass block and the wall of the vibration absorption
cavity respectively by bonding with adhesive material, sol-
dering or vulcanizing.

The rail vibration absorber of the present invention can
also comprise a damping eclement(s). The damping
clement(s) 1s/are disposed between the mass block and the
wall of the vibration absorption cavity. The damping ele-
ment(s) can be made of elastic and solid damping material.
The damping element(s) can also be made of liquid damping
material. When liquid damping 1s added, a seal 1s disposed
at an opemng ol the vibration absorption cavity. The seal
encloses the vibration absorption cavity completely and the
liquid damping material 1s filled 1n a portion of gap between
the mass block and the wall of the vibration absorption
cavity. In order to further improve damping performance of
the system, 1t 1s also possible to dispose movable blades on
the mass block, stationary blades cooperating alternately
with the movable blades are disposed on the wall of the
vibration absorption cavity, and the liquid damping material
1s filled 1n a portion of gap between adjacent stationary and
movable blades. In addition, it 1s also possible to dispose
flow-disturbing holes or flow-disturbing concave-convex
structures on the movable and/or stationary blades. It 1s

possible to dispose flow-disturbing holes or flow-disturbing,
concave-convex structures on the mass block as well.

In order to assembling with the steel rail conveniently, a
connection plate may be disposed on the coupling frame,
and a connecting hole, a bent connecting portion or a
snapping structure may be disposed on a connection plate. In
order to 1mprove reliability of connection between the
clastic elements and the coupling frame or the mass block,
a connection reinforcement structure may be disposed on a
wall surface of the vibration absorption cavity cooperating,
with the elastic element(s) or a mating surface of the mass
block cooperating with the elastic element(s), and wherein
the connection reinforcement structure comprises a surface
concave-convex structure, a surface knurling structure or a
surface galling structure.

More than one vibration absorption cavities may be
disposed 1n the coupling frame side-by-side in the vertical
direction of the steel rail, and/or 1n the transverse direction
of the steel rail, and/or along the longitudinal direction of the
steel rail.

Furthermore, it needs to be explained that the coupling
frame of the rail vibration absorber of the present invention
1s disposed on the non-working surface of the steel rail along
the longitudinal direction of the steel rail. The non-working,
surface of the steel rail comprises the lower portion of the
railhead, rail web, wing, and bottom surface of the rail
outside the border when the steel rail 1s in use.

Advantages of the present invention caused by the mass
block-spring system consisting of the mass block and the
clastic element(s) disposed 1n the coupling frame are:

(1) The coupling frame provides eflective protection for
the mass-spring system consisting of the mass block and the
clastic element(s). In particular, when high polymer elastic
maternal 1s used, the elastic material 1s not susceptible to
aging so that service life of 1ts products 1s substantially
prolonged.

(2) Since that the mass block of the present invention 1s
not enclosed within the elastic elements, unlike that of the
prior arts, and that the mass block of the present invention
only connects with the elastic elements 1n series, materials
of the elastic elements can be selected from a wider range,
and makes use of metallic spring possible, which can take
tull advantage of high elasticity, stable physical properties
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4

influenced little by environments, such as humidity and so
on, more eflicient and stable vibration attenuating perfor-
mance and long service life.

(3) In addition to tuned mass damping, the mass block and
the coupling frame constrain the elastic element(s) and
damping element(s) when amplitudes of vibration of the
mass block and the coupling frame are larger than %
wavelength of a modal frequency, and relative deformation
between the mass block and the coupling frame will shear
the damping material therebetween, realizing an additional
energy dissipating caused by shear deformation, and hence
a more significant vibration reducing eflect.

(4) The rail vibration absorber of the invention makes a
breakthrough in structure and applies fewer constraints to
the elastic elements. Thus, materials of the elastic elements
can be chosen from a wider range. For low-Irequency and
high-frequency, rubber can be replaced by elastic elements
such as the metallic springs in order to avoid drawbacks of
existing kind of rubber elastic elements, such as temperature
sensitivity. Thus, the rail vibration absorber 1s applicable to
a wider parameter range, has more stable performance and

better weatherability.

(5) Since that space available on surface of the steel rail
1s very limited, and that the mass block of the present
ivention are not disposed within the elastic element(s), the
clastic element(s) requires less space, and thus a larger and
heavier mass block can be disposed under same space
condition, which 1 turn effectively improves turned mass
vibration reducing effect.

(6) The elastic elements, the damping material, and the
adhesive material can be optimized individually, and each
can be produced 1n large scale 1n factories, resulting in stable
parameters, wherein the adhesive material provides adhe-
s10n strength, the elastic material provides frequency tuning,
and the damping material provides energy dissipating.

(7) Even 1n case of breaking of the elastic matenial, the
mass block of the rail vibration absorber would not fall off,
which provides safety and reliability.

(8) The clastic elements are disposed to the left and the
right of the mass block, and above and under the mass block
separately. Therefore the same mass block can be indepen-
dently adjusted 1n the vertical and transverse directions of
the steel rail to realize tuned mass vibration reducing in the
both directions.

(9) The rail vibration absorber 1s a finished product when
leaving factories. Working frequency of the product can be
accurately measured and tuned before leaving factories.
Thus, no tuning on field 1s required. Only bonding, clipping
or connecting by fasteners 1s needed.

(10) If the elastic elements are pre-compressed, rigidity of
the elastic elements and working frequency of the vibration
absorber would not change, even 1if the material breaks or
internal cracks are formed.

In sum, the rail vibration absorber of the present invention
has simple structure, good vibration and noise reduction
ellect, stable performance, outstanding weatherability, wider
applicable frequency range, long service life and great cost
performance ratio. It slows wear to the steel rail and pro-
longs the service life thereof, and thus, has great market
potential in applications.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a structure schematic view and application
schematic view of a first embodiment of a rail vibration
absorber of the invention.
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FIG. 2 1s a structure schematic view and application
schematic view of a second embodiment of the rail vibration
absorber of the invention.

FIG. 3 1s a structure schematic view and application
schematic view of a third embodiment of the rail vibration
absorber of the invention.

FIG. 4 1s a structure schematic view and application
schematic view of a fourth embodiment of the rail vibration
absorber of the invention.

FIG. 5 1s a structure schematic view and application
schematic view of a fifth embodiment of the rail vibration
absorber of the invention.

FIG. 6 1s a structure schematic view and application
schematic view of a sixth embodiment of the rail vibration
absorber of the invention.

FIG. 7 1s a structure schematic view and application
schematic view of a seventh embodiment of the rail vibra-
tion absorber of the invention.

FIG. 8 1s a structure schematic view and application
schematic views of an eighth embodiment of the rail vibra-
tion absorber of the invention.

FIG. 9 1s a structure schematic view and application
schematic view of a ninth embodiment ot the rail vibration
absorber of the invention.

FIG. 10 1s a first enlarged view of portion A 1 FIG. 9.

FIG. 11 1s a second enlarged view of portion A 1n FIG. 9.

FIG. 12 1s a structure schematic view and application
schematic view of a tenth embodiment of the rail vibration
absorber of the invention.

FIG. 13 1s a structure schematic view and application
schematic view of an eleventh embodiment of the rail
vibration absorber of the invention.

FIG. 14 1s a structure schematic view and application
schematic view of a twelfth embodiment of the rail vibration
absorber of the invention.

FIG. 15 1s a cross-sectional view taken along B-B of FIG.
14.

FIG. 16 1s a structure schematic view and application
schematic view of a thirteenth embodiment of the rail
vibration absorber of the invention.

FIG. 17 1s a structure schematic view and application
schematic view of a fourteenth embodiment of the rail
vibration absorber of the invention.

FIG. 18 1s a structure schematic view and application
schematic view of a fifteenth embodiment of the rail vibra-
tion absorber of the invention.

FIG. 19 1s a structure schematic view and application
schematic view of a sixteenth embodiment of the rail
vibration absorber of the invention.

FIG. 20 1s a structure schematic view and application
schematic view of a seventeenth embodiment of the rail
vibration absorber of the invention.

FI1G. 21 1s a cross-sectional view taken along C-C of FIG.
20.

FIG. 22 1s a structure schematic view and application
schematic view of an eighteenth embodiment of the rail
vibration absorber of the invention.

FIG. 23 1s an enlarged view of portion D 1n FIG. 22.

FIG. 24 1s a structure schematic view and application
schematic view of a nineteenth embodiment of the rail
vibration absorber of the invention.

FIG. 25 1s a structure schematic view and application
schematic view of a twentieth view of the rail vibration
absorber of the invention.

FIG. 26 1s a structure schematic view and application
schematic view of a twenty-first embodiment of the rail
vibration absorber of the invention.
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FIG. 27 1s a structure schematic view and application
schematic view of a twenty-second embodiment of the rail

vibration absorber of the invention.

FIG. 28 1s a structure schematic view and application
schematic view of a twenty-third embodiment of the rail
vibration absorber of the invention.

FIG. 29 1s an enlarged view of portion E 1n FIG. 28.

FIG. 30 1s a structure schematic view and application
schematic view of a twenty-fourth embodiment of the rail
vibration absorber of the invention.

FIG. 31 1s a structure schematic view and application
schematic view of a twenty-filth embodiment of the rail
vibration absorber of the invention.

DETAILED DESCRIPTION

The First Embodiment

A rail vibration absorber of the invention shown 1n FIG.
1 comprises an elastic element 4 and a mass block 3. It
additionally comprises a coupling frame 2. Surface shapes
of portions of the coupling frame 2 coupling with a wing
plate and a rail web of a steel rail 1 are same as shapes of
corresponding surface of the steel rail. The coupling frame
2 comprises a vibration absorption cavity 100 in which the
mass block 3 1s disposed. The elastic element(s) 4 1s/are
disposed between the mass block 3 and a wall of the
vibration absorption cavity 100. Specifically, the elastic
clement(s) 4 1s/are disposed between the mass block 3 and
the wall of the vibration absorption cavity 100 1n a vertical
direction of the steel rail. The coupling frame 2 1s made of
aluminum alloy material and the elastic element(s) 4 1s/are
made of rubber material. Since the rubber material has good
damping performance, 1t 15 commonly used as an elastic
solid damping material. Thus, the elastic element(s)
4 serve(s) as a damping element at the same time. The mass
block 3 1s an 1ron block, wherein the elastic element(s) 4
1s/are atlixed to the mass block 3 and the coupling frame 2
by a vulcanization process, respectively. In order to improve
reliability of connection between the elastic element(s) and
the coupling frame and between the elastic element(s) and
the mass block, a connection reinforcing structure(s) is/are
disposed on a portion of mating surfaces of the coupling
frame and the elastic element(s) and on a portion of the
mating surfaces of the mass block and the elastic element(s).
Specifically, the connection remnforcement structure(s) 1s/are
a concave-convex structure 30 disposed on corresponding
surface of the coupling frame 2 and a concave-convex
structure 31 disposed on corresponding surface of the mass
block 3.

In their applications, as shown 1n FIG. 1, assembly of the
rail vibration absorber of the invention and the steel rail can
be achieved by firmly bounding the coupling frame 2 to
corresponding surfaces of the steel rail along a longitudinal
direction of the steel rail using adhesive matenials. It should
be noted that the rail vibration absorber of the invention does
not need to be arranged on the steel rail consecutively and
that the rail vibration absorber can be 1nstalled section by
section on non-working surface of the steel rails between rail
sleepers while avoiding rail auxiliary elements such as
fasteners and rail splices, which applies to all technical
solutions mentioned in the present invention, and 1s 1llus-
trated collectively hereby. Other than by bonding, 1t 1s also
possible to remnforce fixing efiect by other means, such as by
auxiliary spring clips, which are belong to commonly used
means for mounting of the art, and fall into protection scope
claimed by the invention. When the steel rails vibrate under
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excitation of wheels, a mass-spring tuned system consisting
of the mass block and the elastic element(s) produce work by
applying a reactive force to dissipate energy so that the
vibration of the steel rails 1s attenuated and tends to stop.
Moreover, the coupling frame, the elastomer and mass block
form a constrained damping and energy dissipating struc-
ture. When amplitudes of vibration of the mass block and the
coupling frame are larger than 42 wavelength of a modal
frequency, during movement of the mass block towards the
coupling frame while compressing the elastic element(s), the
mass block and the coupling frame constrain the rubber
material, and relative deformation between the mass block
and the coupling frame shears the rubber material therebe-
tween, realizing an additional energy dissipating caused by
shear deformation, and hence a better vibration attenuating
and energy dissipating effect. Furthermore, since vibration
energy ol the steel rails 1s attenuated quickly, correspond-
ingly, strength of noise radiation produced by the vibration
1s reduced rapidly. Thus, the rail vibration absorber of the
invention can result in good vibration and noise reducing
eflect. Meanwhile, 1t can also attenuate wear to the steel rail
and prolong service life thereof. It should be noted that, 1n
this embodiment, although the elastic elements 4 are dis-
posed respectively between upper and lower surfaces of the
mass block 3 and the coupling frame 2 in vertical direction
of the steel rails, the rail vibration absorber 1n this embodi-
ment of the present invention can control vibration of the
steel rails 1n both vertical and transverse directions simul-
taneously, since the elastic elements 4 have some elasticity
in the transverse direction transverse of the steel rails. In
practical applications, 1t 1s possible to optimize the elasticity
of the elastic element(s) 4 and overall weight of the mass
block 3 to realize control of vibrations under different
frequencies. In uses, this can be realized by alternatively
disposing rail vibration absorbers of the present mvention
for control of vibrations under diflerent frequencies on the
non-working surfaces of the steel rails.

Materials of the elastic elements, the mass block and the
coupling frame 1n the present invention can be selected 1n a
variety of materials. For example, the elastic elements can
comprise at least one of rubber, elastic polyurethane or
metallic spring; the mass block can be made of materials
with high specific gravity such as steel and 1ron; the coupling
frame can be made of corrosion resistive materials with high
strength such as stainless steel, aluminum alloy, fiberglass
reinforced steel and so on. Certainly, specific connection
processes of the elastic elements and the coupling frame, and
the mass block and the coupling frame are diflerent, depend-
ing on specific materials of the elastic elements, the mass
block and the coupling frame. For example, vulcanization,
thermal lamination, adhesion, or soldering and so on, can be
used, as long as the elastic elements, the mass block and the
coupling frame can be firmly connected together, all of
which can have the same eflect, and hence fall into the
protection scope claimed by the present invention. Further-
more, 1t 15 possible to dispose the connection reinforcement
structures only at the mating surfaces of the coupling frame
and the elastic elements, or only at the mating surfaces of the
mass block and the elastic elements, depending on specific
materials of the elastic elements, the mass block and the
coupling frame. Specific configurations of the surface con-
cave-convex structure, which belongs to one of the connec-
tion reinforcement structures, can be of various forms, such
as ridges, recesses, consecutive ribs, or consecutive slots.
Cross-sectional shapes of the surface concave-convex struc-
ture could be various shapes, such as rectangle, trapezoid,
arc-shape, triangular, T-shape, and so on. In addition to
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above-mentioned surface concave-convex structures, the
connection reinforcement structures could be 1n other forms
(not shown 1n drawings respectively, and illustrated only 1n
text), such as surface knurling structures or surface galling
structures, which can achieve good eflect as well, and are
within the scope of the present invention.

Compared to prior arts, the rail vibration absorber of the
present invention, which has the mass-spring system con-
sisting of the mass block and the elastic elements disposed
within the coupling frame, has following advantages:

(1) The coupling frame provides eflective protection for
the mass-spring system consisting of the mass block and the
clastic element(s). In particular, when high polymer elastic
material 1s used, the elastic material 1s not susceptible to
aging so that service life of 1ts products 1s substantially
prolonged.

(2) Since that the mass block of the present mvention 1s
not enclosed within the elastic elements, unlike that of the
prior arts, and that the mass block of the present invention
only connects with the elastic elements 1n series, materials
of the elastic elements can be selected from a wider range,
and makes use of metallic spring possible, which can take
tull advantage of high elasticity, stable physical properties
influenced little by environments, such as humidity and so
on, more eflicient and stable vibration attenuating perfor-
mance and long service life.

(3) In addition to tuned mass damping, the mass block and
the coupling frame constrain the elastic element(s) and
damping element(s) when amplitudes of vibration of the
mass block and the coupling frame are larger than Y%
wavelength of a modal frequency, and relative deformation
between the mass block and the coupling frame will shear
the damping material therebetween, realizing an additional
energy dissipating caused by shear deformation, and hence
a more significant vibration reducing etlect.

(4) The rail vibration absorber of the invention makes a
breakthrough in structure and applies fewer constraints to
the elastic elements. Thus, materials of the elastic elements
can be chosen from a wider range. For low-frequency and
high-frequency, rubber can be replaced by elastic elements
such as the metallic springs in order to avoid drawbacks of
existing kind of rubber elastic elements, such as temperature
sensitivity. Thus, the rail vibration absorber 1s applicable to
a wider parameter range, has more stable performance and
better weatherability.

(5) Since that space available on surface of the steel rail
1s very limited, and that the mass block of the present
invention are not disposed within the elastic element(s), the
clastic element(s) require(s) less space, and thus a larger and
heavier mass block can be disposed under same space
condition, which 1n turn effectively improves turned mass
vibration reducing effect.

(6) The elastic elements, the damping material, and the
adhesive material can be optimized individually, and each
can be produced 1n large scale 1n factories, resulting 1n stable
parameters, wherein the adhesive material provides adhe-
s1on strength, the elastic material provides frequency tuning,
and the damping material provides energy dissipating.

(7) Even 1n case of breaking of the elastic material, the
mass block of the rail vibration absorber would not fall off,
which provides safety and reliability.

(8) The clastic elements are disposed to the left and the
right of the mass block, and above and under the mass block
separately. Therefore the same mass block can be indepen-
dently adjusted 1n the vertical and transverse directions of
the steel rail to realize tuned mass vibration reducing 1n the
both directions.
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(9) The rail vibration absorber 1s a finished product when
leaving factories. Working frequency of the product can be

accurately measured and tuned belfore leaving factories.
Thus, no tuning on field 1s required. Only bonding, clipping
or connecting by fasteners 1s needed.

(10) If the elastic elements are pre-compressed, rigidity of
the elastic elements and working frequency of the vibration
absorber would not change, even if the material breaks or
internal cracks are formed. On the other hand, when 1n use
of control of high-frequency wvibration, since vibration
amplitude of the mass block 1s less, rigidity of the elastic
clements pre-compressed changes linearly, which renders
casier design and more accurate control. Thirdly, 1n case of
breaking of the elastic material, since the elastic elements
are pre-tightened, the mass block would not fall off, which
provides safety and reliability. The elastic element(s) 1n this
embodiment can be or not be pre-compressed as desired.
Generally speaking, 1t 1s required to pre-tighten the elastic
clements in controlling of high-frequency vibrations, and 1t
1s not required to pre-tighten the elastic elements 1n con-
trolling of low-frequency vibrations. In practical applica-
tions, 1t 1s possible to select whether or not to pre-tighten the
clastic elements depending on characteristics of the vibra-
tion frequencies of the structure that needs to be controlled.

In a word, the rail vibration absorber of the present
ivention has a simple structure, a good property of vibra-
tion and noise reducing, low cost, long service life and great
cost performance ratio, which 1s advantageous to slow
wearing of the steel rail and prolong the service life thereot,
and thus provides very wide prospect ol applications.

The Second Embodiment

The rail vibration absorber of the present invention shown
in FI1G. 2 1s different from that of the first embodiment 1n that
the elastic element(s) 4 1s/are disposed between the mass
block 3 and one of wall surfaces of the vibration absorption
cavity 100 that correspond to vertical direction of the steel
rail 1. The coupling frame 2 1s made of fiberglass remforced
steel, the elastic element(s) 4 1s/are made of high damping
clastic polyurethane material, and the mass block 3 1s made
of steel material, wherein the elastic element(s) 4 1s/are
allixed to the mass block 3 and one of the walls of the
vibration absorption cavity 100 by chemically bonding
process, respectively. In order to improve reliability of the
connection between the elastic element(s) and the coupling
frame and the connection between the elastic element(s) and
the mass block, connection reinforcement structures are
disposed on mating surfaces of the coupling frame and the
clastic elements and on the mating surfaces of the mass
block and the elastic elements. The connection remnforce-
ment structures are a surface knurling structure 33 disposed
on the corresponding surface of the mass block 3 and a
surface galling structure 32 disposed on the corresponding
surface of the coupling frame 2. Since the high damping
clastic polyurethane material used by the elastic element(s)
4 has good damping performance, 1t 1s one of commonly
used elastic solid damping materials. Thus, the elastic ele-
ment(s) 4 also serve(s) as damping element(s). Furthermore,
the elastic element(s) 4 1s/are pre-compressed when being
assembled with the mass block 3 and the coupling frame 2,
and hence under a pre-compressed condition. Moreover,
displacement of the pre-compressed elastic element(s) 4
1s/are larger than vibration amplitude of the mass block 3
relative to the walls of the vibration absorption cavity 100.

Above-mentioned assembling method and technical solu-
tion 1n this embodiment and their advantages are generally
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same as that in the first embodiment, and hence would not
be repeated. It should be noted that, in the rail vibration

absorber of this embodiment, the elastic element(s) 4 1s/are
only disposed between the left side of the mass block 3 and
the coupling frame 2 and between the right side of the mass
block 3 and the coupling frame 2. Therefore, the rail
vibration absorber in this embodiment 1s mainly used to
control transverse vibration of the steel rails. Certainly, 1t can
control vertical vibration of the steel rails to an extent.
Comparing the technical solution in this embodiment with
that 1n the first embodiment, since the elastic element(s)
1s/are pre-compressed, the rigidity of the elastic elements
and the working frequency of the vibration absorber would
not change even 1f the high damping elastic polyurethane
material of the elastic elements breaks and hence has inter-
nal cracks, which can provide more stable and reliable
vibration reducing effect.

In practical applications, 1t 1s possible to realize control of
vibrations under different frequencies by optimizing elastic-
ity of the elastic element(s) 4 and total weight of the mass
block 3. In uses, depending on a plurality of main vibration
frequencies of the steel rails, only thing needs to do 1s just
alternatively arranging rail vibration absorbers of the present
invention for control of corresponding vibrations under
different frequencies on the non-working surfaces of the
steel rails.

Based on a technical principle mentioned in the first
embodiment, 1t 1s also possible not to pre-compress the
clastic element(s) disposed between the mass block and the
coupling frame during assembling of the rail vibration
absorber 1n this embodiment of the mvention. In practical
applications, it 1s possible to choose whether or not to
pre-compress the elastic elements based on characteristics of
the vibration frequencies of structure of the rails that need to
be controlled.

The Third Embodiment

The rail vibration absorber of the present invention shown
in FIG. 3 1s different from that of the first embodiment 1n that
the coupling frame 2 1s made of steel and that the elastic
clement(s) 4 1s/are disposed between the mass block 3 and
one of walls of the vibration absorption cavity 100 that
correspond to transverse direction of the steel rail 1. The
clastic element(s) 4 1s/are a metallic spring, and particularly
a coil steel springs in this embodiment, both ends of which
are soldered to the coupling frame 2 and the mass block 3,
respectively. Moreover, 1n uses, 1n order to guarantee con-
sistent and eflective support to the mass block 3 by the
clastic elements 4, the elastic element(s) 4 1s/are pre-com-
pressed and under pre-compressed condition when 1t 1s
assembled with the mass block 3 and the coupling frame 2,
and displacement of the pre-compressed elastic element(s) 4
1s/are larger than a vibration amplitude of the mass block 3
relative to corresponding wall of the vibration absorption
cavity 100 when the mass block 3 1s in use.

An applying method of above-mentioned technical solu-
tion of this embodiment 1s the same as that in the first
embodiment, and hence 1s not repeated. Furthermore, com-
pared with the rail vibration absorber in the first embodi-
ment, the rail vibration absorber in this embodiment has
following advantages: since the coil steel springs are used as
the elastic elements, and the coil steel springs have good
clasticity in both vertical and transverse directions, the rail
vibration absorber 1n this embodiment can control vibrations
in both the vertical and the transverse directions simultane-
ously by controlling relationship between rigidity of the coil
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steel spring 1n the vertical direction and the transverse
direction, and physical performance of the coil steel springs

1s less influenced by ambient environment factors, such as
temperature, humidity and so on, properties ol vibration
reducing of the coil steel springs are more eflicient and
stable, and service life 1s longer. Additionally, other than the
coil steel springs mentioned above, the metallic springs that
are used as elastic elements can also be disk springs and
plate springs, all of which can obtain excellent results and
are within the scope of the ivention. Certainly, as for the
clastic element(s) which comprise(s) metallic spring(s)
separately, 1n order to ensure consistent and eflective support
to the mass block by the elastic element(s) during their uses,
the elastic element(s) 1s/are preferably pre-compressed when
assembled with the mass block and the coupling frame
during manufacturing, which applies to other technical solu-
tions 1n the present invention 1n which the elastic element(s)
comprise(s) the metallic spring(s) separately, and 1s/are
illustrated collectively hereby.

Certainly, 1t 1s not excluded from the present invention
that the elastic element(s) 1s/are not pre-compressed. That 1s
to say, it 1s possible for the elastic element(s) not be
pre-compressed as desired. For example, 1in this embodi-
ment, ends of a metallic coil spring can be soldered or
bonded to the mass block and the coupling frame respec-
tively without the metallic coil spring being pre-compressed.
It 1s needed to be pointed out that having ends of the metallic
coil spring 1n this embodiment soldered to the mass block
and the coupling frame could achieve certain special func-
tions other than positioning. For example, have several
spring coils at both ends of the metallic coil spring locked by
adhesive materials can eliminate initially nonlinear rigidity
problem of the spring induced by manufacturing error and/or
assembling error of the metallic coil spring, which 1s within
the scope of the invention. Generally speaking, it 1s required
to pre-tighten the elastic elements to control high-frequency
vibrations, and it 1s not required to pre-tighten the elastic
clements to control low-frequency vibrations. In practical
applications, 1t 1s possible to determine whether or not to
pre-tighten the elastic elements depending on characteristics
of the vibration frequencies of the structure that needs to be
controlled.

The Fourth Embodiment

The rail vibration absorber shown 1n FIG. 4 1s different
from that i the third embodiment in that the elastic
clement(s) 4 consisting of the coil steel spring(s) 1s/are
disposed both between the mass block 3 and one of the walls
of the vibration absorption cavity 100 that i1s 1n transverse
direction of the steel rail and between the mass block 3 and
one of the walls of the vibration absorption cavity 100 that
1s 1n vertical direction of the steel rail at the same time.

Compared with the elastic element(s) 1n the third embodi-
ment, the elastic element(s) in this embodiment 1s/are dis-
posed mdependently to the left and right of the mass block,
and 1s disposed above and under of the mass block. The
frequencies 1n the vertical and transverse directions of the
steel rail of the same mass block can be adjusted indepen-
dently. Thus, tuned mass vibration reducing in both of the
directions 1s realized, and the tuned mass vibration reducing
in both of the directions has little interference with each
other, which provides higher control accuracy. Furthermore,
since the elastic element(s) support(s) the mass block com-
pletely from all sides, movement of the mass block 1s more
stable during uses and does not prone to produce swinging
moment and tipping moment.
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The elastic element(s) 1n this embodiment can be or not be
pre-compressed as desired. Generally speaking, it 1s required
to pre-tighten the elastic elements 1 controlling of high-
frequency vibrations, and 1t 1s not required to pre-tighten the
clastic elements in controlling of low-1requency vibrations.
In practical applications, it 1s possible to select whether or
not to pre-tighten the elastic elements depending on char-
acteristics of the vibration frequencies of the structure that
needs to be controlled.

The Fifth Embodiment

"y

The rail vibration absorber shown in FIG. § 1s different
from that shown in FIG. 4 in that the elastic element(s) 4
disposed around the mass block 3 1s/are made of elastic
polyurethane material. Moreover, a connection plate 5 1s
disposed on the coupling frame 2, and a connecting hole 6
1s disposed on the connection plate 5.

In applications, as shown 1n FIG. 5, 1n addition to adher-
ing the rail vibration absorbers of the mnvention disposed at
both sides of the steel rail 1 to corresponding surfaces of the
steel rail, the connection plate 5 1s used to be snapped at
bottom of the steel rail, and a fastener 7 goes through the
connection hole 6 to connect portions of the connection plate
5 of the rail vibration absorber of the present invention
disposed at left and right sides of the steel rail, which can
turther improve stability of assembling of the steel rail and
the rail vibration absorber of the present invention. Even 1t
bonding wvia adhesive material fails, the rail vibration
absorber can still be fixed to the corresponding surfaces of
the steel rail and not fall off. Furthermore, since the con-
nection between the coupling frame and the steel rail 1s
reliable, and the elastic element(s) 4 1s/are pre-tightened, the
mass block 3 do not come ofl from the vibration absorption
cavity 100 easily even the mass block 3 1s separated from the
clastic element(s) 4, which will not cause hidden safety
problems to operating of trains.

Certainly, based on the technical principle in the first
embodiment, during assembling of the rail wvibration
absorber of the present invention 1n this embodiment, 1t 1s
possible not to pre-compress the elastic element(s) disposed
between the mass block and the coupling frame. In practical
applications, 1t 1s possible to select whether or not to
pre-tighten the elastic element(s) depending on characteris-
tics of the vibration frequencies of the rail structure that
needs to be controlled.

The Sixth Embodiment

The rail vibration absorber of the invention shown in FIG.
6 1s different from that in the fifth embodiment 1n that the
clastic element(s) 4 1s/are a composite spring consisting of
rubber and a metallic spring. Furthermore, there are dis-
posed on the connection plate 5 buckle structures, which
comprise a slot 8 and a jaw 9 disposed respectively on the
connection plate 5 for mating with each other. In applica-
tions, 1n addition to bonding via adhesive material, the
buckle structures are also used to snap together the rail
vibration absorbers of the invention disposed at both sides of
the steel rail, and hence firmly assembly the steel rail and the
rail vibration absorber integrally. At the same time, the
rubber material in the elastic element(s) 4 can be a damping
clement(s).

In above-mentioned technical solution of this embodi-
ment, the elastic element(s) 4 1s/are made of the composite
spring consisting of rubber and the metallic spring. Utilizing
rubber-metallic composite springs can not only fully employ
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high elasticity and long service life of the metallic springs
but also use rubber material to effectively suppress reso-
nance during the operation of the metallic springs, which 1s
advantageous to further improve vibration reducing proper-
ties and prolong service life of the steel rails.

The elastic element(s) 1n this embodiment can be or not be
pre-compressed as desired. Generally speaking, 1t 1s required
to pre-tighten the elastic elements 1n controlling of high-
frequency vibrations, and 1t 1s not required to pre-tighten the
clastic elements 1n controlling of low-frequency vibrations.
In practical applications, 1t 1s possible to select whether or
not to pre-tighten the elastic elements depending on char-
acteristics of the vibration frequencies of the structure that
needs to be controlled.

The Seventh Embodiment

The rail vibration absorber of the invention shown in FIG.
7 1s different from that in the sixth embodiment 1n that the
connection plate 3 has a bent connection portion 10 disposed
thereon. In applications, the coupling frame 2 conforms to
the rail web and the wing plate on one side of the steel rail
1. The connection plate 5 covers whole bottom of the rail,
and then the bent connection portion 10 1s folded and
snapped to the wing plate on the other side of the steel rail.
By this way, assembling of the steel rail and the rail vibration
absorber of the invention 1s realized.

Compared with that in the sixth embodiment, the rail
vibration absorber in this embodiment employs the connec-
tion plate and the bent connection portion directly snapping,
to the non-working surface of the steel rail. Their installing
and removing are quickly and conveniently, hence are
convenient to maintenance, saie and reliable. In applica-
tions, the rail vibration absorbers can be arranged on the left
side and the right side of the steel rail alternatively. Further-
more adhesive material can be used along with the connec-
tion plate to additionally bond the rail vibration absorbers of
the invention to the steel rail. When using the bent connec-
tion portion to assembling the rail vibration absorber to the
steel rail directly, 1t 1s also possible to add a layer of solid
damping material on contact surfaces between the coupling
frame 2 and the steel rail and contact surfaces between the
connection plate 5 and the steel rail 1n order to prevent noise
caused by impacting of metals between the coupling frame
and the steel rail, 11 the coupling frame 1s made of metallic
material. In this case, the coupling frame 2, the connection
plate 5, the steel rail 1 and the layer of solid damping
material can also form a constrained damping structure, and
hence can provide an enhanced energy dissipating capacity
and improved vibration reducing effect, which will not be
illustrated as for each drawing but 1s within the scope of the
invention.

The elastic element(s) 1n this embodiment can be or not be
pre-compressed as desired. Generally speaking, it 1s required
to pre-tighten the elastic elements 1n controlling of high-
frequency vibrations, and 1t 1s not required to pre-tighten the
clastic elements 1n controlling of low-frequency vibrations.
In practical applications, 1t 1s possible to select whether or
not to pre-tighten the elastic elements depending on char-
acteristics of the vibration frequencies of the structure that
needs to be controlled.

The

Eighth Embodiment

The rail vibration absorber of the invention shown i1n FIG.
8 1s different from that in the seventh embodiment in that the
coupling frame 2 1s snapped to the bottom of the rail by the
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connection plate 5 and the bent connection portion 10
disposed on the connection plate 5 so that assembling

between the rail vibration absorber and the steel rail i1s
realized. Furthermore, the elastic element(s) 4 1n the vibra-
tion absorption cavity 100 1s/are a composite spring that
consists of a metallic disk spring and elastic polyurethane
material, wherein ends of the metallic disk spring are fixed
to and soldered with adjacent coupling frame 2 and the mass
block 3 integrally.

Compared with the seventh embodiment, the rail vibra-
tion absorber in this embodiment uses the composite spring
that consists ol the metallic disk spring and the elastic
polyurethane material as the elastic element(s) 4, which can
fully employ advantages of great carrying capacity, long
service life and space saving of the disk springs. Further-
more, space under the bottom of the steel rail can be fully
employed, which 1s advantageous to leave space for dispos-
ing a larger mass block, and further improve vibration
reducing performance. Alternatively, as mentioned in the
seventh embodiment, 1t 1s also possible to add a layer of
solid damping material on contact surfaces between the
coupling frame 2 and the steel rail and contact surfaces
between the connection plate 5 and the steel rail 1n order to
prevent noise caused by impacting ol metals between the
coupling frame and the steel rail, if the coupling frame 1s
made of metallic matenal.

The elastic element(s) 1n this embodiment can be or not be
pre-compressed as desired. Generally speaking, it 1s required
to pre-tighten the elastic elements 1 controlling of high-
frequency vibrations, and 1t 1s not required to pre-tighten the
clastic elements 1n controlling of low-frequency vibrations.
In practical applications, 1t 1s possible to select whether or
not to pre-tighten the elastic elements depending on char-
acteristics of the vibration frequencies of the structure that
needs to be controlled.

The Ninth Embodiment

The rail vibration absorber of the mmvention shown 1n
FIGS. 9 and 10 1s different {from that 1n the seventh embodi-
ment 1n that the elastic element(s) 4 1s/are a plate spring. The
plate spring consists of metallic spring piece 11 made of
spring steel and a rubber layer 12 coated on its surface. The
mass block 3 has corresponding position-limiting channels
for recerving the plate spring. It needs to be pointed out that
in the elastic element(s) 4, the metallic spring piece 11
mainly used to provide elasticity and the rubber layer 12 1s
used to provide damping. Thus, the rubber layer 12 serves as
a damping element in this case.

An applying method of this embodiment of the present
rail vibration absorber 1s exactly same as that in the seventh
embodiment, and hence will not be repeated. Compared with
the seventh embodiment, in addition to the energy dissipat-
ing and vibration reducing realized by a tuned system
consisting of the mass block and the elastic element(s),
energy dissipating by shearing can be realized by the metal-
lic spring pieces 11 of the elastic element(s) of the present
rail vibration absorber in this embodiment consistently
shearing the rubber layer 12 between the metallic spring
pieces 11 and the coupling frame under the constrains from
the coupling frame. Thus, a faster energy dissipating and
hence a better vibration reducing performance 1s achieved.

The elastic element(s) 1n this embodiment can be or not be
pre-compressed as desired. Generally speaking, it 1s required
to pre-tighten the elastic elements 1 controlling of high-
frequency vibrations, and 1t 1s not required to pre-tighten the
clastic elements 1n controlling of low-frequency vibrations.
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In practical applications, it 1s possible to select whether or
not to pre-tighten the elastic elements depending on char-
acteristics of the vibration frequencies of the structure that
needs to be controlled.

The Tenth Embodiment

The rail vibration absorber of the invention shown in
FIGS. 9 and 11 1s different from that in the ninth embodi-
ment 1n that the elastic element(s) 4 consist(s) of a plate
spring(s). The plate spring(s) consist(s) of two metallic
spring pieces 14 made of spring steel and a rubber layer 13
therebetween. Similar to that in the ninth embodiment, the
rubber 13 also acts as a damping element.

An applying method of this embodiment and its advan-
tages are substantially same as that in the ninth embodiment.
One point that needs to be explained 1s that the constrained
damping structure, directly comprised by the metallic spring
pieces 14 and the rubber layer 13 in this embodiment, waill
consistently dissipate energy in uses. Since eflective area of
the metallic spring pieces 14 for shearing damping material
therebetween 1s larger, energy dissipating caused by shear-
ing damping 1s more, attenuating of vibration energy of the
steel rail 1s more quickly, and vibration reducing 1s more
cilicient.

Again, the elastic element(s) 1n this embodiment can be or
not be pre-compressed as desired. Generally speaking, 1t 1s
required to pre-tighten the elastic elements in controlling of
high-frequency vibrations, and 1t 1s not required to pre-
tighten the elastic elements 1n controlling of low-frequency
vibrations. In practical applications, 1t 1s possible to select
whether or not to pre-tighten the elastic elements depending,
on characteristics of the vibration frequencies of the struc-
ture that needs to be controlled.

The Eleventh Embodiment

Based on the technical principles 1n FIGS. 6, 7 and 8, the
rail vibration absorber of the invention shown n FIG. 12
comprises a coupling frame 18 disposed to the right side of
the rail web of the steel rail 1, a coupling frame 135 disposed
at the bottom of the rail and a coupling frame 22 disposed
to the left side of the steel rail, wherein the coupling frame
18 and the coupling frame 15 are disposed integrally. The
coupling frame 18 comprises a vibration absorption cavity
101, in which a mass block 19 i1s disposed. An elastic
clement(s) 20 1s/are disposed between the mass block 19 and
wall surfaces of the vibration absorption cavity 101 in
vertical direction of a steel rail and between the mass block
19 and wall surfaces of the vibration absorption cavity 101
in transverse direction of the steel rail, respectively. The
clastic element(s) 20 1s/are compounded by a coil steel
spring(s) and rubber material. The coupling frame 15 com-
prises a vibration absorption cavity 102, in which a mass
block 16 1s disposed. An elastic element(s) 17 1s/are dis-
posed between the mass block 16 and wall surfaces of the
vibration absorption cavity 102 in vertical direction of the
steel rail and between the mass block 16 and wall surfaces
of the vibration absorption cavity 102 1n transverse direction
of the steel rail, respectively. The elastic element(s) 17 1s/are
made of rubber material. The coupling frame 22 comprises
a vibration absorption cavity 103, in which a mass block 23
1s disposed. An elastic element(s) 21 1s/are disposed between
the mass block 23 and wall surfaces of the vibration absorp-
tion cavity 103 in the vertical direction of the steel rail and
between the mass block 23 and wall surfaces of the vibration
absorption cavity 103 1n the transverse direction of the steel
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rail, respectively. The elastic element(s) 21 i1s/are com-
pounded by a coil steel spring(s) and rubber matenal.

Furthermore, a connection plate 25 with a connection hole
1s disposed on the coupling frame 15. A connection plate 24
with a connection hole 1s disposed on the coupling frame 22.
A Tastener 26 1s used to connect the connection plate 25 with
the connection plate 24 integrally so that the steel rail and
the rail vibration absorber of the mvention are assembled
together firmly.

Alternatively, 1t 1s possible to add a layer of damping
material on contact surfaces of the invention and the steel
rail 1n order to prevent noise caused by impacting of metals
between the coupling frame and the steel rail. Moreover, 1t
1s also possible to further use adhesive material to bond the
present invention with the steel rail in order to improve
reliability of connection. They are all sitmple modifications
ol assembling of the invention, thus are within the scope of
the 1nvention.

In above-mentioned technical solution of this embodi-
ment, the rail vibration absorber covers a majority of the
non-working surfaces of the steel rail including the bottom,
the wing plate and a portion of the rail web of the steel rail.
It takes full advantages of space and 1s disposed more of the
mass-spring tuned systems consisting of the mass block and
the elastic element(s), which provides more quickly vibra-
tion energy dissipating of the steel rail and further improves
vibration and noise reducing performance of the absorber.
More importantly, since multiple vibration absorption cavi-
ties are disposed, it comprises a plurality of tuned systems
consisting ol a mass block and elastic elements, which can
be of different tuned systems used to control vibration under
different frequencies. Thus, the rail vibration absorber of the
invention can control more vibration frequencies and thus
has a better vibration reducing etiect.

Based on technical principle 1in this embodiment, it 1s
possible for the rail vibration absorber of the invention
shown 1n FIG. 13 to have the coupling frame 18 and the
coupling frame 15 integrated together, and a connection
plate 5 to be disposed on the coupling frame 15 with one end
disposed a bent connection portion 10 for snapping to the
steel rail 1, which can also obtain very good effect and hence
are also within the scope of the invention.

In addition, the elastic element(s) in this embodiment can
be or not be pre-compressed as desired. Generally speaking,
it 1s required to pre-tighten the elastic elements in control-
ling of high-frequency vibrations, and 1t 1s not required to
pre-tighten the elastic elements in controlling of low-ire-
quency vibrations. In practical applications, it 1s possible to
select whether or not to pre-tighten the elastic elements
depending on characteristics of the vibration frequencies of
the structure that needs to be controlled.

The Tweltth Embodiment

The rail vibration absorber of the invention shown 1in
FIGS. 14 and 15 1s different from that in the seventh
embodiment 1n that the coupling frame 2 has four vibration
absorption cavities separated by dividers 48 along a longi-
tudinal direction of the steel rail. Each vibration absorption
cavity has a mass block and an elastic element(s) disposed
therein. In a vibration absorption cavity 104, a mass block 40
and an elastic element(s) 41 are disposed therein with the
clastic element(s) 41 disposed surround the mass block 40
between the mass block and walls of the vibration absorp-
tion cavity. In a vibration absorption cavity 105, a mass
block 42 and an elastic element(s) 43 are disposed with the
clastic element(s) 43 disposed surround the mass block 42
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between the mass block and walls of the vibration absorp-
tion cavity. In a vibration absorption cavity 106, a mass

block 44 and an elastic element(s) 45 are disposed with the
clastic elements 45 disposed surround the mass block 44
between the mass block and walls of the vibration absorp-
tion cavity. In a vibration absorption cavity 107, a mass
block 46 and an elastic element(s) 47 are disposed with the
clastic element(s) 47 disposed surround the mass block 46
between the mass block and walls of the vibration absorp-
tion cavity. The mass blocks 40, 42, 44 and 46 are all made
of cast 1ron. The elastic elements 41, 43, 45 and 47 are all
made of high damping elastic rubber material, which can
also act as damping elements.

An applying method of the rail vibration absorber 1n this
embodiment 1s the same as that 1n the seventh embodiment,
and hence i1s not repeated. Compared with the seventh
embodiment, it 1s most advantageous that in above-men-
tioned technical solution of this embodiment, since four
vibration absorption cavities of diflerent sizes are disposed
in the coupling frame along the longitudinal direction of the
steel rail, hence size of each mass block 1n each vibration
absorption cavity 1s different from one another and thickness
of the elastic element(s) 1n each vibration absorption cavity
1s different from one another, by optimizing parameters of
cach mass block and the elastic element(s) in each vibration
absorption cavity independently, each mass-spring tuned
system consisting of the mass block and the elastic
clement(s) 1n each vibration absorption cavity can be used to
control vibration under a certain frequencies, that 1s to say,
can be used to control vibration under four frequencies
simultaneously, which provides better vibration and noise
reducing performance 1n uses. Furthermore, materials of the
mass blocks in different vibration absorption cavities can be
designed differently, and materials of the elastic element(s)
in different vibration absorption cavities can be designed
differently as well, all solutions of which can be used to
cllectively control vibration under a certain frequencies, as
long as mass and rigidity of the elastic element(s) are
properly adjusted, and are within the scope of the invention.
Additionally, based on the technical principle in the fourth
embodiment, elastic elements located to the left, nght, up
and down of the mass block respectively can be made of
different materials, which makes frequencies of the mass
blocks 1n vertical direction and transverse direction of the
steel rail capable of being adjusted independently and can
obtain tuned mass vibration reducing in both directions. The
tuned mass vibration reducing in both directions has little
interference to each other and can provide more accurate
control, characteristic of which 1s applicable to other tech-
nical solutions in which elastic element(s) 1s/are disposed
around the mass block and between the mass block and walls
of the vibration absorption cavity and 1s 1illustrated collec-
tively hereby. These are all within the scope of the invention.

Again, the elastic element(s) 1n this embodiment can be or
not be pre-compressed as desired. Generally speaking, 1t 1s
required to pre-tighten the elastic elements in controlling of
high-frequency vibrations, and 1t 1s not required to pre-
tighten the elastic elements 1n controlling of low-frequency
vibrations. In practical applications, 1t 1s possible to select
whether or not to pre-tighten the elastic elements depending,
on characteristics of the vibration frequencies of the struc-
ture that needs to be controlled.

The Thirteenth Embodiment

The rail vibration absorber of the invention shown in
FIGS. 14 and 16 1s difterent from that in the tweltth
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embodiment in that the coupling frame 2 comprises a
vibration absorption cavity, in which a mass block 40 and an
clastic element(s) 41 are disposed. The mass block 40 1is
made of cast steel. The elastic element(s) 41 1s/are made of
high damping elastic rubber material. The elastic element(s)
41 1s/are disposed surround the mass block 40 between the
mass block and walls of the vibration absorption cavity,
which also acts as a damping element(s). Furthermore, only
a middle portion of the mass block 40 1s disposed 1n the
vibration absorption cavity of the coupling frame 2, with
both ends of the mass block 40 extending to outside of the
coupling frame 2.

In addition to having all advantages of the rail vibration
absorber of the mvention shown i FIG. 5, since only a
portion of the mass block 1s disposed in the wvibration
absorption cavity, parameters ol mass and rigidity of the
clastic elements can be adjusted convemently, and since a
larger mass block can be disposed, above-mentioned tech-
nical solution of this embodiment can be used not only for
control of vibration under mid-frequencies and high-ire-
quencies, but also for control of vibration under low fre-
quencies, which has a wider applicable range. Similarly, the
rail vibration absorber 1n this embodiment can be fixed on
the non-working surface of the steel rail between adjacent
rail sleepers along the longitudinal direction of the steel rail
without interfering with rail elements such as fasteners
during assembling. However, since length of the coupling
frame 2 along the longitudinal direction of the steel rail 1s
shorter than the mass block 40, the rail vibration absorber 1n
this embodiment 1s also advantageous for material saving.

Again, the elastic element(s) 1n this embodiment can be or
not be pre-compressed as desired. Generally speaking, 1t 1s
required to pre-tighten the elastic elements in controlling of
high-frequency vibrations, and it 1s not required to pre-
tighten the elastic elements in controlling of low-frequency
vibrations. In practical applications, it 1s possible to select
whether or not to pre-tighten the elastic elements depending

on characteristics of the vibration frequencies of the struc-
ture that needs to be controlled.

The Fourteenth Embodiment

The rail vibration absorber of the invention shown 1n
FIGS. 14 and 17 1s different from that in the thirteenth
embodiment in that 1t comprises two coupling frames 2, both
of which are disposed at ends of the mass block 40,
respectively. Each coupling frame 2 has the vibration
absorption cavity, in which the mass block 40 and the elastic
clement(s) 41 are disposed, wherein the mass block 40 has
only portions at its ends disposed in the vibration absorption
cavity and 1ts middle portion 1s exposed between the two
coupling frames.

Compared with the thirteenth embodiment, above-men-
tioned technical solution 1n this embodiment 1s more con-
venient for manufacturing and assembling. Furthermore,
s1Ze ol cross-sectional area of the middle portion of the mass
block can even larger than that of the cross-sectional area of
the coupling frame, which 1s advantageous to employ a
larger mass block, which can provide control of vibration
under lower frequencies. Meanwhile, for both ends of the
mass block cooperating with the elastic elements and the
coupling frame, the rail vibration absorber of this embodi-
ment 15 more stable during uses. Furthermore, 1t 1s also
advantageous for the rail vibration absorber of this embodi-
ment to reduce material used in coupling frame manufac-
turing, and hence to save cost.
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Based on above-mentioned technical principle of this
embodiment, three or more ol coupling frames can be

disposed, which 1s in the protection scope of the mvention.
In addition, the elastic element(s) 1n this embodiment can be
or not be pre-compressed as desired. Generally speaking, 1t
1s required to pre-tighten the elastic elements 1n controlling
of high-frequency wvibrations, and 1t i1s not required to
pre-tighten the elastic elements in controlling of low-fre-
quency vibrations. In practical applications, 1t 1s possible to
select whether or not to pre-tighten the elastic elements
depending on characteristics of the vibration frequencies of
the structure that needs to be controlled.

The Fifteenth Embodiment

In addition that the plurality of wvibration absorption
cavities 1n the coupling frame are disposed along the lon-
gitudinal direction of the steel rail, as shown 1n FIG. 15, the
rail vibration absorber of the invention shown 1n FIG. 18 1s
different from that in the twelith embodiment 1n that the
coupling frame 2 comprises three vibration absorption cavi-
ties, which are disposed 1n the direction vertical to the steel
rail. An uppermost vibration absorption cavity has a mass
block 58 and an elastic element 59 disposed therein. A
middle vibration absorption cavity has a mass block 60 and
an elastic element 61 disposed therein. A lowermost vibra-
tion absorption cavity has a mass block 62 and an elastic
clement 63 disposed therein. The mass blocks 58, 60 and 62
are all made of heavy concrete material. The elastic elements
59, 61 and 63 are all made of elastic polyurethane.

As shown 1 FIG. 18, 1n applications, the rail vibration
absorber 1n this embodiment 1s bonded to bottom of a rail
head and the rail web of the steel rail 1 by adhesive material.
In order to enhance reliability of connection and fixation, a
spring clip 64 1s further used to clip the rail vibration
absorber onto surface of the steel rail, and thus to accom-
plish assembling the rail vibration absorber of the invention
to the steel rail.

Similar to the twelfth embodiment, the rail vibration
absorber of the invention 1s capable of controlling vibrations
under multiple frequencies by optimizing mass and rigidity
of elastic elements, and 1s convenient for use. For example,
it 1s possible to control deflective vibration at the rail head
by using a tuned device consisting of the mass block 58 and
the elastic element(s) 89, to control transverse and vertical
vibrations at the rail web by using a tuned device consisting
of the mass block 60 and the elastic element(s) 61, and to
control vibrations of the wing plate and the rail web by using
a tuned device consisting of the mass block 62 and the
clastic element(s) 63. Pertinent control can be imparted
depending on characteristics of vibration at diflerent areas,
which can provide better eflect of vibration attenuating. The
mass blocks are made of heavy concrete, and thus they are
not susceptible to be corroded, have long service life and
significantly reduce cost. Furthermore, the mass blocks and
the elastic elements 1n different vibration absorption cavities
can be made of diflerent materials. For example, metallic
springs, rubber springs and elastic polyurethane springs can
be used, respectively. Also, it 1s also possible that the mass
blocks are made of normal concrete or reinforced concrete,
which can also achieve very good eflect, and are within the
scope of the mvention.

Again, the elastic element(s) 1n this embodiment can be or
not be pre-compressed as desired. Generally speaking, 1t 1s
required to pre-tighten the elastic elements in controlling of
high-frequency vibrations, and 1t 1s not required to pre-
tighten the elastic elements 1n controlling of low-frequency
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vibrations. In practical applications, it 1s possible to select
whether or not to pre-tighten the elastic elements depending
on characteristics of the vibration frequencies of the struc-
ture that needs to be controlled.

The Sixteenth Embodiment

The rail vibration absorber of the invention shown 1n FIG.
19 1s different from that 1n the fifteenth embodiment in that
the coupling frame 2 comprises four vibration absorption
cavities with the four cavities being arranged 1n a check
pattern. An upper left vibration absorption cavity has a mass
block 49 and an eclastic element 50 disposed therein. An
upper right vibration absorption cavity has a mass block 51
and an elastic element 52 disposed therein. A lower left
vibration absorption cavity has a mass block 33 and an
clastic element 54 disposed therein. A lower right vibration
absorption cavity has mass blocks 535 and 56 and an elastic
clement 37 disposed therein. All the mass blocks are made
of cast 1iron. All the elastic elements 50, 52, 54 and 57 are
made of different rubber materials with different rigidities,
respectively.

Similar to the fifteenth embodiment, the rail vibration
absorber 1n this embodiment can control vibrations under
multiple frequencies simultaneously as well. Particularly,
for the lower right vibration absorption cavity has two mass
blocks, 1t can control vibrations under different frequencies
alter parameter optimization, which can provide more efli-
cient vibration attenuating.

It needs to be pointed out that based on technical prin-
ciples 1n the twellth, the fifteenth and the present embodi-
ments, vibration absorption cavities 1n a coupling frame can
be arranged 1n the vertical direction and/or transverse direc-
tion of the steel rail and/or in the longitudinal direction of the
steel rail, which can control vibrations under multiple fre-
quencies, and are convenient i uses. Again, the elastic
clement(s) 1n this embodiment can be or not be pre-com-
pressed as desired. Generally speaking, i1t 1s required to
pre-tighten the elastic elements in controlling of high-
frequency vibrations, and 1t 1s not required to pre-tighten the
clastic elements 1n controlling of low-frequency vibrations.
In practical applications, 1t 1s possible to select whether or
not to pre-tighten the elastic elements depending on char-

acteristics of the vibration frequencies of the structure that
needs to be controlled.

The Seventeenth Embodiment

The rail vibration absorber of the mmvention shown 1in
FIGS. 20 and 21 1s different from that shown 1n FIG. 4 1n that
the coupling frame 2 1s made of steel plate, and in that the
vibration absorption cavity 100 of the coupling frame has a
damping element 65 disposed therein. The damping element
65 1s made of liquid damping material. Seals 66 are disposed
at the openings at both sides of the vibration absorption
cavity 100. The seals 66 are made of steel plate. The seals
66 arec soldered to the coupling frame, and thus enclose the
vibration absorption cavity 100 completely. The lhqud
damping material fills a portion of the gap between the mass
block 3 and walls of the vibration absorption cavity 100.

An applying method of the rail vibration absorber in this
embodiment 1s the same as that in the first embodiment, and
thus 1s not repeated. Compared with the rail vibration
absorber shown 1n FIG. 4, when the mass block 3 displaces
as 1t absorbs vibration energy from the steel rail, the liquid
damping material will produce a reactive force to prevent
the mass block from displacing so that energy from the mass
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block 1s dissipated quickly, since the damping element 65
made of the liquid damping material 1s added 1n the vibration
absorption cavity. Thus, not only vibration energy from the
steel rail 1s dissipated quickly, but also resonance of the
clastic element(s) 4 1s/are suppressed so that the elastic
clement(s) 4 can restore still, which can improve fatigue life

of the elastic element(s), and hence prolong service life of
the absorber of the invention.

The elastic element(s) 1n this embodiment can be or not be
pre-compressed as desired. Generally speaking, it 1s required
to pre-tighten the elastic elements 1 controlling of high-
frequency vibrations, and 1t 1s not required to pre-tighten the
clastic elements 1n controlling of low-frequency vibrations.
In practical applications, 1t 1s possible to select whether or
not to pre-tighten the elastic elements depending on char-
acteristics of the vibration frequencies of the structure that
needs to be controlled.

The Fighteenth Embodiment

The rail vibration absorber of the invention shown in
FIGS. 22 and 23 1s different from that 1in the seventeenth
embodiment 1n that the mass block 3 has a flow-disturbing
concave-convex structure disposed thereon. Specifically, the
flow-disturbing concave-convex structure 1s a plurality of
ridges 67 having a triangular cross-section disposed on
surtaces ol the mass block 3.

Compared with the seventeenth embodiment, the damp-
ing element 65 consisting of the mass block 3 and the liquid
damping material has a larger eflective contact area, and
thus a drag force produced by the liquid damping matenal to
the mass block 1s larger due to the plurality of ridges 67
C
C

1sposed on the surfaces of the mass block 3, which can
1ssipate energy quickly, and provide better effect of vibra-
tion attenuating.

Based on above-mentioned technical principle in this
embodiment, cross sections of the rnidges 67 can be of
various shapes, such as arc, rectangle, trapezoid, and so on.
Furthermore, there can be a variety of flow-disturbing con-
cave-convex structures. For example, the concave-convex
structures can be a plurality of slots 68 1n the surfaces of the
mass block 3 shown in FIG. 24, or a plurality of local
protrusions 69 on the surfaces of the mass block shown in
FIG. 25, or a plurality of local recesses 70 1n the surfaces of
the mass block 3 shown in FIG. 26. Other than shapes
illustrated, cross-sections of the slots 68, the local rnndges 69
and the local recesses 70 can be various shapes as long as
they increases eflective contact area between the mass block
and the liquid damping material, all of 1n which can obtain
very good eflect and are within the scope of the imnvention.

The elastic element(s) 1n this embodiment can be or not be
pre-compressed as desired. Generally speaking, 1t 1s required
to pre-tighten the elastic elements 1n controlling of high-
frequency vibrations, and 1t 1s not required to pre-tighten the
clastic elements 1n controlling of low-frequency vibrations.
In practical applications, 1t 1s possible to select whether or
not to pre-tighten the elastic elements depending on char-

acteristics of the vibration frequencies of the structure that
needs to be controlled.

The Nineteenth Embodiment

The rail vibration absorber of the invention shown in FIG.
277 1s different from that in the eighteenth embodiment 1n that
the flow-disturbing concave-convex structure consists of a
plurality of flow-disturbing holes 71 running through the
mass block 3 in vertical direction of the steel rail. The
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flow-disturbing holes 71 are immersed 1in the damping
clement 65 that 1s made of liquid damping matenal.

The flow-disturbing holes 71 disposed in the mass block
3 can eflectively increase valid contact area between the
mass block and the liquid damping material. When the mass
block 3 1s moving, the liquid damping material 1 the
flow-disturbing holes 71 moves relative to the mass block 3.
Accordingly, a resistive force 1s produced to dissipate
energy. Therefore, having the flow-disturbing holes 71 dis-
posed 1n the mass block 3 can effectively improve vibration
reducing performance of the absorber. Since the flow-
disturbing holes 71 are disposed 1n the vertical direction of
the steel rail, the vibration reducing eflect 1s most significant
when the mass block moves 1n the vertical direction of the
steel rail. Thus, this technical solution 1s more suitable for
control of vertical vibration of the steel rail. Based on this
principle, 1t 1s also possible to dispose the flow-disturbing
holes 72 1n the mass block 1n the transverse direction of the
steel rail to control transverse vibration of the steel rail, as
shown 1 FIG. 27. Surely, 1t 1s possible to have the flow-
disturbing holes in the mass block 1n both of the vertical
direction and transverse direction of the steel rail, which 1s
advantageous for fully improving capacity of control of
vibration of the steel rail, and 1s within the scope of the
invention.

The elastic element(s) 1n this embodiment can be or not be
pre-compressed as desired. Generally speaking, it 1s required
to pre-tighten the elastic elements 1 controlling of high-
frequency vibrations, and 1t 1s not required to pre-tighten the
clastic elements 1n controlling of low-frequency vibrations.
In practical applications, 1t 1s possible to select whether or
not to pre-tighten the elastic elements depending on char-
acteristics of the vibration frequencies of the structure that
needs to be controlled.

The Twentieth Embodiment

The rail vibration absorber of the invention shown 1in
FIGS. 28 and 29 1s different from that in the sixteenth
embodiment 1n that movable blades 73 are disposed on the
mass block 3, and stationary blades disposed on the walls of
the vibration absorption cavity 100 to cooperate with the
movable blades 73 alternately, and a portion of gaps between
adjacent static stationary blade 74 and a movable blade 73
are filled with the liquid damping material 63.

Similar to a technical solution 1n the eighteenth embodi-
ment, valid contact area between the mass block and the
liguid damping material 1s substantially increased due to
cooperating of the movable and stationary blades disposed
on the mass block and the walls of the vibration absorption
cavity while extruding eflects are imparted to the liquid
damping matenial by the movable and stationary blades
cooperating with each other during operating, which can
dissipate energy quickly and provide better vibration reduc-
ing etlect.

The elastic element(s) 1n this embodiment can be or not be
pre-compressed as desired. Generally speaking, it 1s required
to pre-tighten the elastic elements 1 controlling of high-
frequency vibrations, and 1t 1s not required to pre-tighten the
clastic elements 1n controlling of low-frequency vibrations.
In practical applications, 1t 1s possible to select whether or
not to pre-tighten the elastic elements depending on char-
acteristics of the vibration frequencies of the structure that
needs to be controlled.

The Twenty-first Embodiment

The rail vibration absorber of the invention shown in FIG.
30 1s different from that 1n the twentieth embodiment 1n that
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flow-disturbing holes 75 and 76 are disposed in the movable
and stationary blades 73 and 74, respectively.

Since the flow-disturbing holes are disposed 1n both the
movable and the stationary blades, the liquid damping
material 1s forced to move in the flow-disturbing holes when
the movable blades are approaching to the static blades,
which further improves energy dissipating capacity and
hence wvibration reducing performance of the absorber.
Based on above-mentioned technical principle in this
embodiment, the tlow-disturbing holes can be disposed only
in movable blades or only 1n stationary blades, which can
also provide good vibration reducing eflect. Furthermore,
based on the technical principles in this embodiment and the
cighteenth embodiment, 1t 1s also possible to further dispose
the flow-disturbing concave-convex structures, such as
ridges, protrusions, local protrusions or local recesses, on
the stationary blades and/or movable blades, all of which can
provide similar eflect, are within the scope of the invention,
and are described 1n text only without being illustrated 1n
additional drawings.

The elastic element(s) 1n this embodiment can be or not be
pre-compressed as desired. Generally speaking, 1t 1s required
to pre-tighten the elastic elements 1n controlling of high-
frequency vibrations, and 1t 1s not required to pre-tighten the
clastic elements in controlling of low-1requency vibrations.
In practical applications, 1t 1s possible to select whether or
not to pre-tighten the elastic elements depending on char-
acteristics of the vibration frequencies of the structure that
needs to be controlled.

The Twenty-second Embodiment

The rail vibration absorber of the invention shown in FIG.
31 1s different from that in the fifth embodiment 1n that the
coupling frame 2 encloses a portion of a wing plate and a
portion of the bottom of the steel rail 1, and comprises a
vibration absorption cavity 100, correspondingly, the mass
block 3 1s 1 shape of ‘C’, the elastic element(s) 4 1s/are
disposed between the mass block 3 and the vibration absorp-
tion cavity 100 in the vertical direction and the transverse
direction of the steel rail, wherein the elastic element(s) 4
1s/are aflixed to the mass block 3 and the coupling frame 2
by vulcanization process, 1s pre-compressed and under pre-
compressed condition when it 1s assembled with the mass
block 3 and the coupling frame 2, and displacement of the
clastic element 4 caused by pre-compression 1s larger than a
vibration amplitude of the mass block 3 relative to the walls
of the vibration absorption cavity 100 when the mass block
3 1s 1n use.

A method for assembling of the rail vibration absorber
and the steel rail in this embodiment 1s the same as the
method 1n the fifth embodiment, and thus 1s not repeated.
Compared with the fifth embodiment, the rail vibration
absorber 1n this embodiment 1s assembled with the steel rail
at a lower position, which can provide more space for
accessories for the steel rail such as fishplate, and improve
adaptability of border of the steel rail. Furthermore, as
shown 1n FIG. 31, the rail vibration absorber 1n this embodi-
ment of the mvention can cooperate with maze-constraining,
damping plates 1n uses. The maze-constraining damping
plates comprise a connection plate 201 and a constraining,
plate 200. The connection plate 201 and the constraiming,
plate 202 both have concave-convex structures that cooper-
ate with each other. A damping matenial layer 202 1s dis-
posed 1 gap between the connection plate 201 and the
constraiming plate 200. Since the maze-constraining damp-
ing plate has wide range vibration and noise reducing eflect,
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when the maze-constraining damping plate 1s used together
with the rail vibration absorber, the rail vibration absorber
can be used to control vibration under certain frequencies
that contribute significantly to vibration and noise, and the
maze-constraining damping plate can be used to suppress
vibration and noise 1n a wide range of frequencies efliciently,
which can provide more excellent overall management of
vibration and noise of the steel rail. Based on above-
mentioned technical principle in this embodiment, solutions
in other embodiments can cooperate with the maze-con-
straining damping plate as well 1 uses as desired. For
example, the maze-constraining damping plate can be addi-
tionally disposed at the rail web and above the rail vibration
absorber 1n applications of the rail vibration absorber shown
in FIG. 28, or can be additionally disposed at the bottom of
the rail shown 1n applications of the rail vibration absorber
shown 1n FIG. 22, both of which can provide very good
vibration and noise reducing eflect, and are described 1n text
only without being illustrated in additional drawings. It
needs to be explained that 1n this embodiment, the elastic
clement(s) can be or not be pre-compressed as desired.
Generally speaking, 1t 1s required to pre-tighten the elastic
clements 1n controlling of high-frequency vibrations, and 1t
1s not required to pre-tighten the elastic elements 1n con-
trolling of low-frequency vibrations. In practical applica-
tions, 1t 1s possible to select whether or not to pre-tighten the
clastic elements depending on characteristics of the vibra-
tion frequencies of the structure that needs to be controlled.

It 1s obvious from the aforementioned embodiments that
the rail vibration absorber of the mvention has the mass-
spring system consisting of the mass block and the elastic
clement(s) disposed within the coupling frame. It has at least
the following advantages. (1) The coupling frame provides
cllective protection for the mass-spring system consisting of
the mass block and the elastic element(s). In particular, when
high polymer elastic material 1s used, the elastic matenal 1s
not susceptible to aging so that service life of 1ts products 1s
substantially prolonged. (2) Since that the mass block of the
present invention 1s not enclosed within the elastic elements,
unlike that of the prior arts, and that the mass block of the
present invention only connects with the elastic elements in
series, materials of the elastic elements can be selected from
a wider range, and makes use of metallic spring possible,
which can take full advantage of high elasticity, stable
physical properties influenced little by environments, such
as humidity and so on, more eflicient and stable vibration
attenuating performance and long service life. (3) In addition
to tuned mass damping, the mass block and the coupling
frame constrain the elastic element(s) and damping
clement(s) when amplitudes of vibration of the mass block
and the coupling frame are larger than %2 wavelength of a
modal frequency, and relative deformation between the mass
block and the coupling frame will shear the damping mate-
rial therebetween, realizing an additional energy dissipating,
caused by shear deformation, and hence a more significant
vibration reducing eflect. (4) The rail vibration absorber of
the invention makes a breakthrough 1n structure and applies
fewer constraints to the elastic elements. Thus, materials of
the elastic elements can be chosen from a wider range. For
low-frequency and high-frequency, rubber can be replaced
by elastic elements such as the metallic springs in order to
avoild drawbacks of existing kind of rubber elastic elements,
such as temperature sensitivity. Thus, the rail vibration
absorber 1s applicable to a wider parameter range, has more
stable performance and better weatherability. (5) Since that
space available on surface of the steel rail 1s very limited,
and that the mass block of the present invention are not
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disposed within the elastic element(s), the elastic element(s)
requires less space, and thus a larger and heavier mass block
can be disposed under same space condition, which 1n turn
cllectively improves turned mass vibration reducing eilect.
(6) The clastic elements, the damping matenal, and the
adhesive maternial can be optimized individually, and each
can be produced 1n large scale 1n factories, resulting in stable
parameters, wherein the adhesive material provides adhe-
s1on strength, the elastic material provides frequency tuning,
and the damping material provides energy dissipating. (7)
Even 1n case of breaking of the elastic material, the mass
block of the rail vibration absorber would not fall off, which
provides safety and reliability. (8) The elastic elements are
disposed to the left and the right of the mass block, and
above and under the mass block separately. Therefore the
same mass block can be independently adjusted in the
vertical and transverse directions of the steel rail to realize
tuned mass vibration reducing 1n the both directions. (9) The
rail vibration absorber 1s a fimshed product when leaving
factories. Working frequency of the product can be accu-
rately measured and tuned before leaving factories. Thus, no
tuning on field 1s required. Only bonding, clipping or
connecting by fasteners i1s needed. (10) If the elastic ele-
ments are pre-compressed, rigidity of the elastic elements
and working frequency of the vibration absorber would not
change, even if the material breaks or internal cracks are
formed. On the other hand, when in use of control of
high-frequency vibration, since vibration amplitude of the
mass block 1s less, ngidity of the elastic elements pre-
compressed changes linearly, which renders easier design
and more accurate control. Thirdly, in case of breaking of the
clastic material, since the elastic elements are pre-tightened,
the mass block would not fall off, which provides safety and
reliability.

The elastic element(s) in the mvention can be or not be
pre-compressed wherein when the elastic element(s) 1s/are
not pre-compressed, 1t 1s necessary to consider positioning,
and fixing of the elastic element(s). Generally speaking, 1t 1s
required to pre-tighten the elastic elements in controlling of
high-frequency vibrations, and 1t 1s not required to pre-
tighten the elastic elements 1n controlling of low-frequency
vibrations. In practical applications, it 1s possible to select
whether or not to pre-tighten the elastic elements depending
on characteristics of the vibration frequencies of the struc-
ture that needs to be controlled.

The rail vibration absorber of the invention has versatile
adaptability, long service life, good weatherability, excellent
vibration and noise reducing eflect, and very wide prospect
of applications. Furthermore, embodiments 1n the invention
are only for illustrative purpose, and should not be inter-
preted as limiting. Technical features 1n many embodiments
can be mterchanged 1n uses. Moreover, assembling methods
of the mvention and the steel rails are not exhaustive. In
addition to bonding by adhesive material, connecting by
snapping and connecting by fasteners mentioned in the
embodiments, other means, such as connecting by spring
clips can be used in assembling thereof. It should be
understood by those skilled 1n the art that various modifi-
cations, combinations, sub-combinations and alterations
may be made based on the technical principles of the
invention, which are all within the scope of the imvention.

What 1s claimed 1s:

1. A rail wvibration absorber, comprising an elastic
clement(s) and a mass block, wherein the rail vibration
absorber further comprises at least one coupling frame, the
coupling frame has same surface shape as a non-working
surface coupling portion of a steel rail, the coupling frame
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includes at least one vibration absorption cavity 1n 1it, with
the mass block at least partially disposed in the vibration
absorption cavity of the coupling frame, and the elastic
clement(s) 1s/are arranged between the mass block and a
wall of the vibration absorption cavity,
wherein, 1n a sectional view of the rail vibration absorber,
the coupling frame has a first portion and a second
portion opposite to each other, and 1n a straight-line
direction passing through the first portion and the

second portion, the elastic element(s) 1s/are located
between the mass block and at least one of the first
portion or the second portion of the coupling frame.

2. The rail vibration absorber according to claim 1,
wherein the elastic element(s) 1s/are arranged between the
mass block and the wall of the vibration absorption cavity in
a vertical direction and/or a transverse direction of the steel
rail, or the elastic element(s) surround(s) the mass block
between the mass block and the wall of the wvibration
absorption cavity.

3. The rail vibration absorber according to claim 1,
wherein the elastic element(s) 1s/are made of at least one
material selecting from a group consisting of rubber, elastic
polyurethane and metallic spring, the metallic spring
includes disk spring, plate spring and coil spring.

4. The rail vibration absorber according to claim 3,
wherein the elastic element(s) i1s/are integrally connected
with the mass block and the wall of the vibration absorption
cavity respectively by bonding with adhesive material, sol-
dering or vulcamizing.

5. The rail vibration absorber according to claim 1,
wherein a displacement of the elastic element(s) caused by
pre-compression 1s larger than a vibration amplitude of the
mass block during 1t works relative to the wall of the
vibration absorption cavity when the elastic element(s)
arranged between the mass block and the wall of the
vibration absorption cavity 1s under pre-compressed condi-
tion.

6. The rail vibration absorber according to claim 1,
wherein a connection plate 1s disposed on the coupling
frame, and a connecting hole, a bent connecting portion or
a snapping structure 1s disposed on a connection plate.

7. The rail vibration absorber according to claim 1,
wherein a connection reinforcement structure 1s disposed on
a wall surface of the vibration absorption cavity cooperating
with the elastic element(s) and/or a mating surface of the
mass block cooperating with the elastic element(s), and
wherein the connection reinforcement structure comprises a
surface concave-convex structure, a surface knurling struc-
ture or a surface galling structure.

8. The rail vibration absorber according to claim 1,
wherein the coupling frame 1s disposed on the non-working
surface of the steel rail along a longitudinal direction of the
steel rail, and wherein the non-working surface of the steel
rail includes surface of a lower portion of a railhead, surface
of a rail web, surface of a wing plate, and bottom surface of
the steel rail outside border of the steel rail when the steel
rail 1s 1n use.

9. The rail vibration absorber according to claim 1,
wherein more than one vibration absorption cavities are
disposed 1n the coupling frame side-by-side in the vertical
direction of the steel rail, and/or 1n the transverse direction
of the steel rail, and/or along the longitudinal direction of the
steel rail.

10. The rail vibration absorber according to claim 1,
wherein the coupling frame has a closed shape 1n a cross
section of the rail vibration absorber.
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11. A rail vibration absorber, comprising an elastic ele-
ment and a mass block, wherein the rail vibration absorber
turther comprises at least one coupling frame, the coupling
frame has the same surface shape as a non-working surface
coupling portion of a steel rail, the coupling frame 1ncludes
at least one vibration absorption cavity, with the mass block
at least partially disposed 1n the vibration absorption cavity
of the coupling frame, and the elastic element 1s arranged
between the mass block and a wall of the vibration absorp-
tion cavity, the rail vibration absorber further comprising a
damping element arranged between the mass block and the
wall of the vibration absorption cavity, wherein the damping,
clement comprises at least one of an elastic solid damping
maternial or a ligmid damping material, when the damping
clement 1s liquid, a seal 1s disposed at an opening of the
vibration absorption cavity and seals completely the vibra-
tion absorption cavity, with the liquid damping material
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being filled 1in a portion of gap between the mass block and
the wall of the vibration absorption cavity.

12. The rail vibration absorber according to claim 11,
wherein movable blades are disposed on the mass block, and
stationary blades are disposed on the wall of the vibration
absorption cavity and cooperate alternately with the mov-
able blades, and the liquid damping maternal is filled 1n a
portion of gap between adjacent stationary blades and mov-
able blades.

13. The rail vibration absorber according to claim 12,
wherein tlow-disturbing holes or flow-disturbing concave-
convex structures are disposed on the movable blades and/or
stationary blades.

14. The rail vibration absorber according to claim 11,
wherein flow-disturbing holes or tlow-disturbing concave-
convex structures are disposed on the mass block.

¥ K H oK ¥



	Front Page
	Drawings
	Specification
	Claims

